The study was carried out in six Kenyan rift valley lakes, Nakuru, Magadi, Oloiden, Crater (Sonachi), Bogoria and Elementaita with the aim to determine the levels of heavy metals and other metal elements (Co, Mn, Zn, Cu, Cr, Cd, Pb, Ni, Hg and As) in water and sediment samples as well as assess its association with water bird distribution. High levels of Pb (42 ppm) above the Pb benchmark levels (36 ppm) as per EPA (2007) benchmarks were detected in Lake Oloiden sediments. Lakes Bogoria and Elementaita had high levels of Mn (3676.7 ± 6652.3 and 747.55 ± 510.95, respectively), also above the Mn benchmark levels (631 ppm), according to EPA (2007). The mean sediment concentrations for Zn, Pb, Ni, As and Hg varied significantly (P<0.05) among the six lakes. Apart from Zn, all other metals (Pb, Co, Mn, Cr, Cd, Fe and Cu) varied significantly in all water samples from the six selected lakes (P<0.05). A total of 15 water bird families were identified across the six lakes. The distribution of the families for lakes Nakuru, Magadi, Elementaita, Oloiden, Bogoria and Crater were 11, 9, 9, 7, 6 and 4, respectively. There was no association between metal elements concentration and water bird distribution in all the selected six lakes (P>0.05). It was concluded that metals concentration in Kenyan Rift Valley lakes has no significant influence on the distribution of water birds. High Mn levels in lakes Bogoria and Elementaita, and Pb in Oloiden may cause toxic effects to the aquatic life and humans as a result of bioaccumulation.
INTRODUCTION
Ecology is the scientific study of abundance, distributions and relations of organisms and their interaction with the environment (Begon et al., 2006) . Heavy metals such as common toxic chemicals in the environment since they are naturally occurring and they are resistant to biodegradation (Reena et al., 2011) . Trace metals like lead, mercury, chromium and cadmium are among the copper, zinc and iron play a biochemical role in the life processes of all aquatic plants and animals. They are therefore essential in trace amounts (Jakimska et 2011). However, high concentrations of these essential elements are toxic to aquatic life (Jakimska et al., 2011) . The sources of metal elements in water bodies include, natural weathering, industrial wastes, sewage, surface run-off and agricultural effluents (Paul et al., 2012) . Lake sediments form the final pathway of both anthropogenic and natural contaminants in the environment. Sediment quality is therefore a good indicator of pollution in the environment (Gavin and Marco, 2008; Samir and Ibrahim, 2008; Hahladakis et al., 2013) .
Water birds that rely on wetlands for food, nesting and breeding can be used as environmental indicators (Ogden et al., 2014) because they are high in trophic levels, able to move in response to both opportunity and adversity, and are easy to notice and quantify in both space and time (O'Doherty and Caro, 1999) .
In recent years, there has been dynamic changes in water bird number in Kenyan Rift valley lakes and pollution levels due to heavy metals is among the incriminated factors suggested to be causing the change in water bird distribution (Motelin et al., 1995; Nelson et al., 1998; Motelin et al., 2000; Guynub, 2002; Ouko et al., 2016) . A study on the association between water bird distribution and heavy metal concentration in the environment is needed. In this paper, baseline data on concentrations of Mn, Zn, Cu, Cd, Cr, Co, Ni, As, Pb and Hg in surface sediments and water samples from six Kenyan Rift Valley lakes (Nakuru, Magadi, Oloiden, Crater, Bogoria and Elementaita) is reported. Data on water bird families distribution across the six lakes and their association with heavy metal concentration is also given.
MATERIALS AND METHODS

Study area and sampling
The study was carried out in six alkaline lakes in Kenya (Rift Valley): Lakes Nakuru, Magadi, Oloiden, Crater, Bogoria and Elementaita (Figure 1 ). The study sites were chosen based on convenience and sample size purposively determined depending on site characteristics. Water and surface sediment samples were taken from five sites (SS) in Lake Nakuru, five SS in Lake Bogoria, five SS in Lake Oloiden and six SS in Lake Magadi (Table 1) . In Lakes Elementaita and Crater, five replicate subsamples were taken from one site. Surface sediment (0-2 cm layer) samples were collected in zip lock plastic bags, properly labelled and transported at 4°C in cool boxes to the laboratory awaiting analysis. Water samples were taken in plastic capped containers and transported in cool boxes at 4°C to the laboratory.
Sample preparation
Water samples were prepared in duplicates by measuring 50 ml of water into a beaker, adding 2 ml of concentrated nitric acid and heating the contents on a hot plate to reduce the volume to 10 ml. After that, the mixture was filtered into a 50 ml volumetric flask and topped to the mark with demineralized water ready for analysis. Each sediment sample was well mixed and 20 g were weighed in aluminum foil papers and dried in an oven at 60°C overnight. The sample was then ground in a pulverizer and 2.5 g weighed into a 250 ml beaker before adding 20 ml of water to make sludge. Concentrated nitric acid (20 ml) was then added to the sludge and the contents heated on a hot plate at 130°C for 1 hour without spurting to reduce the volume to 10 ml. This was then cooled and filtered into 50 ml volumetric flask, washed carefully with hot water and then topped to the mark ready for analysis. Known standards for each metal element were prepared from respective certified analytical standards at concentrations of 0.05, 0.1, 10 and 100 ppm. These known standards were read to generate calibration curves within the spectrophotometer before reading the samples. Standards were read after every reading of 5 samples to check the accuracy and precision of the machine and analytical process.
Instrumentation
Atomic absorption spectrophotometer (AAS) with an air/acetylene flame (Model SpectrAA-10) was used for analysis of Cd, Cr, Mn, Co, Zn and Cu in both water and sediment samples after preparation of appropriate calibration standards. Hg, Ni and As in 
Reagents
Heavy metal analytical standards were of analytical grade from Sigma -Aldrich Limited, TraceCERT ® products. Water used was deionised water from ReAgent chemical suppliers, Cheshire, England, UK.
Glassware cleaning
Glass was cleaned with tap water, soap and brush, rinsed three times with 0.5 M perchloric acid before rinsing with distilled water three times. They were then dried in the oven at 60°C.
Water bird identification
Water birds along drive ways, were observed in each SS using binoculars and identified using a bird guide book (Zimmerman et al., 1999) and identified with help of an expert ornithologist from the National Museums of Kenya (NMK).
Data obtained was entered into Microsoft Excel ® spreadsheet, cleaned and then exported to Stata ® for analysis. The means, standard deviations, maximum and minimum levels to determine toxicant levels within the six lakes were obtained.One way Anova test was used to analyze the variation between and within the lakes Chi -square test (Appendix 4) was used to test the association between metals concentration and water bird distribution among the lakes.
RESULTS AND DISCUSSION
The mean concentrations of heavy metals Mn, Co, Cu, Zn, Cd, Cr, Pb, Hg, Ni and As analyzed in sediments and water samples from the six Rift valley lakes are showed in Tables 2, 3 , 4, Appendix 1 and Appendix 2. Lake Bogoria recorded the highest Mn mean sediment concentrations of 3676 ppm; Lake Nakuru gave highest mean sediment concentrations of Co (100 ppm) and Lake Oloiden recorded highest mean concentrations of Pb (42 ppm) in sediments. The mean sediment levels of Mn in Lake Bogoria are within the ranges obtained by Ochieng et al. (2007) who obtained Mn mean sediment concentration of 3947 ± 121 ppm. The mean sediment concentrations for Cu, Zn, As and Cr were very low in all the six lakes (Table 2 to 4). Cd and Hg were not detectable in sediment samples from all the six lakes. The results on Cd concentrations in sediments differ from those obtained by Tenai (2015) who found traces of Cd (0.0004 to 0.076 ppm) in Lakes Crater, Elementaita, Nakuru and Oloiden. Ochieng et al. (2007) also obtained high levels of Cd (1.18 ppm) in sediment from Lake Elementaita. Cd was also not detectable in water samples from all the six lakes. This was in agreement with the results obtained by Tenai (2015) but contrary to those obtained by Ochieng et al. (2007) who recorded traces of Cd levels in water samples (2.0 to 5.0 µg/L) in Lake Baringo, (5.0 to 41.0 µg/L) in Lake Bogoria Bogoria (1.3918 ppm), Crater (1.3658 ppm) and Oloiden (3.0 to 43.0 µg/L) in Lake Nakuru and (3.0 to 25.1 µg/L) in Lake Elementaita. Dilution as a result of rising water levels in Kenyan Rift Valley Lakes may be responsible for undetected Cd. The mean sediment concentrations for Zn, Pb, Ni, As and Hg varied significantly (P<0.05) among the six lakes. Concentrations of Mn in Lake Bogoria may be attributed to natural leaching and erosion from rocks, volcanic activity and soils (Stokes et al., 1988) since the Lake is remote from anthropogenic activities. These high levels is a threat to biological lives that depend on the lake especially water birds. Elevated levels of Mn affect fetal development, causes DNA damage and chromosomal aberrations thus toxic to embryo (ATSDR, 2000) . The levels of Co in Lake Nakuru may be attributed to the increased industrial activities around the lake. Spillway from fresh water Lake Naivasha is the likely source of Pb levels in Lake Oloiden since a lot of anthropogenic activities especially flower farming occur around Lake Naivasha. Surface run-offs from these farms are a good source of Pb in the lake. Birds depending on the lake are also at risk of Pb toxicity. In water samples, high mean concentrations of Cr and Zn is above the threshold limits (0.011 and 0.036 ppm), respectively, according to EPA (2007) limit, were recorded in all the six lakes with highest Cr levels in (1.335 ppm) Table 3 . These levels are much higher compared to those obtained by Ochieng et al. (2007) who obtained a maximum of 0.188 ppm in Lake Nakuru but lower than ranges (10 to 280 ppm) recorded by Nelson et al. (1998) in Lake Nakuru sediments. Highest Zn levels were recorded in Lake Bogoria (0.1526 ppm) (Table 3) . Lake Magadi water samples had high levels of both Co (2.3482 ppm) and Cu (0.04 ppm) which were above the benchmark levels given by EPA (2007) limits (Table 3) . Lake Bogoria also had high Co levels in water samples (0.1742 ppm). Mn levels were low in water samples from all the six lakes. Apart from Zn, all other metal elements (Pb, Co, Mn, Cr, Cd, Fe and Cu) varied significantly (P<0.05) in water samples among the six lakes. The noted high levels of metal elements in water columns from the lakes is a major concern since these lakes support many water birds, wild animals, fish among other biological organisms.
A total of 15 water bird families were identified across the six lakes (Table 5 , Appendix 3). Phoenicopteridae family, which comprises flamingos, was the most abundant with an estimate of 1877 lesser flamingos (Phoeniconias minor), followed by Scolopacidae (862) and Recurvirstridae (453) families. The distribution of water bird families for lakes Nakuru, Magadi, Elementaita, Oloiden, Bogoria and Crater were11, 9, 9, 7, 6 and 4 respectively. African fish eagle of the family Accipitridae 
